Enterococci form part of the normal human and animal intestinal microflorae and are considered markers of fecal contamination (19) . When released into the environment, they frequently encounter adverse conditions which prevent cell division. In response to these conditions, enterococci are capable of activating a survival strategy known as the viable but nonculturable (VBNC) state (11) (12) (13) . When in this phase, bacteria lose their ability to form colonies on culture media but are still viable and capable of metabolic activity (13) and gene expression (12) and show a specific protein profile (9) and cell wall modifications (18) . Moreover, enterococcal VBNC cells, which maintain their pathogenic potential (17) , may be able to resume division when permissive conditions are restored (11) . These characteristics mean that VBNC cells are a potential risk for human health in that they might constitute a reservoir of infectious bacterial forms involved in disease transmission and persistence.
In recent years, enterococci have emerged as one of the leading causes of serious or life-threatening nosocomial infections (5) . Because a number of enterococci are endowed with intrinsic resistance to several antibiotics, the emergence of vancomycin-resistant enterococci (VRE) has alarmed the infectious disease research and treatment community (15) . Thus, it is of the utmost importance to identify parameters contributing to VRE dissemination and persistence. In Europe, suspected reservoirs related to animal husbandry and community ecologies seem to be primary sources of VRE. VRE have been consistently found in healthy volunteers (7) and in the environment, including sewage (20) , animal feces (1, 3, 4) , and animal products (4, 21) . It has been postulated that VRE can spread from animals to humans via the food chain (2) . In this context, the VBNC forms of enterococci, which probably represent a significant proportion of the bacterial populations in the natural environment (14) , may constitute further reservoirs of VRE. We have investigated the possibility that vancomycinresistant Enterococcus faecalis and Enterococcus faecium are capable of maintaining and expressing antibiotic resistance during the VBNC state and after resuming their divisional capability on returning to favorable environmental conditions. Entry of VRE into the VBNC state. The strains used in this study are described in Table 1 . The Van genotype of VRE was determined using primers selective for vancomycin resistance genes (16) . To induce the VBNC state, exponentially growing cultures were used to inoculate oligotrophic microcosms consisting of filtered, autoclaved lake water (Lake Garda, Italy) at a final density of 10 7 cells/ml as described previously (12, 13) . One aliquot of each VRE culture was grown in the presence of a sub-MIC vancomycin concentration (32 g/ml) to induce the vanA or vanB gene before lake water was inoculated. Inoculated microcosms, with 32 g of vancomycin/ml added, were maintained at 4°C and monitored for CFU counts. Viability of the VBNC E. faecalis and E. faecium cells was tested either with a modified Kogure direct viable count method (10, 12) or by staining VBNC cells with a Live/Dead kit (Molecular Probes) as specified by the manufacturer. To investigate whether enterococci of animal and human origin were also capable of activating the VBNC state, we prepared lake water microcosms with exponentially growing, vancomycin-induced cells from the different VRE isolates described in Table 1 . All of the strains belonging to each of the E. faecalis and E. faecium species reached the VBNC state in time periods (Table 2) similar to those previously seen for E. faecalis 56R and E. faecium VR1, respectively (11) . The percentage of intact (Live/Dead staining) and viable (by the modified Kogure method) cells was also comparable to that obtained with E. faecalis 56R (about 50 to 60%) or with E. faecium VR1 (about 25 to 35%) after 1 month in the VBNC state. Only one of the isolates, E. faecium EFAV-15, failed to maintain a viable population similar to that previously reported (11) . Thus, the time needed to lose culturability entirely depends on the identity of the enterococcal species but not on the presence of van genes or on the origin of the isolates.
Detection of vanA and vanB mRNA as a marker of vancomycin resistance expression in enterococci during the VBNC state. M. M. Lleò et al. have recently shown that pbp5 mRNA of E. faecalis can be used as a marker of VBNC cell viability in that its presence constitutes an indication of gene expression (12) . To test whether the vanA and vanB genes were expressed during the VBNC state, RNA was extracted from induced and noninduced cells maintained for 1 month in the VBNC state, as previously described (12) . Two primers selected within the vanA gene (forward, 5ЈGGGAAAACGACAATTGC 3Ј; reverse, 5ЈGTACAATGCGGCCGTTA 3Ј) or the vanB gene (forward, 5ЈGAATTGTCTGGTATCCCCTAT 3; reverse, 5ЈG ACCTCGTTTAGAACGATGC 3Ј) were used. The expected sizes of the amplification product were 730 bp and 580 bp for vanA and vanB, respectively. Reverse transcription-PCR (RT-PCR) experiments were also conducted using RNA extracted from 7-, 14-, and 28-day-old VBNC cells from some of the clinical and veterinary strains. As shown in Table 3 , E. faecalis VBNC cells maintained their vanA and vanB gene expression capability for as long as 1 month of permanence in the VBNC state while the E. faecium VBNC cells conserved this capability for only 7 to 14 days. This is in agreement with previous data of Lleò et al. indicating that, unlike E. faecalis, E. faecium is hardly capable of maintaining viability when exposed to unfavorable conditions (11) .
Vancomycin response in VRE resuscitated from the VBNC state. Resuscitation experiments were attempted only when the counts in the microcosms which contained induced and noninduced enterococcal cells were lower than 0.1 CFU/ml, in which case most probable number (MPN) estimates were calculated (8) . As a control, we used E. faecalis strain 56R, for which resuscitation ability from the VBNC state had already been demonstrated (11) . Table 4 shows the results of the calculation of MPN estimates of numbers of revivable VBNC cells per millimeter of the original microcosms after 10 days of permanence in the VBNC state. The numbers of resuscitated cells were similar in the three microcosms containing E. faecalis 56R and induced and noninduced E. faecalis vanB VBNC cells. These results closely resemble those previously reported for enterococcal species (11) . Moreover, the resuscitated E. faecalis vanB cells from the induced microcosm were also capable of resuming division when the resuscitation process occurred in tryptic soy broth containing vancomycin, indicating that the cells maintained the antibiotic-resistant phenotype. This result was confirmed by RT-PCR evidence that both vanA and vanB mRNAs were present in the resuscitated cells (data not shown). For a number of human and animal isolates of VRE (Table 4) , the behavior of the E. faecalis strains and of the strains belonging to the E. faecium species resembled that observed in the reference strains, namely, E. faecalis V583 and E. faecium VR1. Although E. faecium VBNC cells hardly ever resuscitated, at least in our experimental conditions, those cells c The Live/Dead kit utilizes a mixture of the stains SYTO 9 and propidium iodide to evaluate cell membrane integrity.
d The modified DVC method consists of counting elongated enterococcal cells after treatment for 24 h of VBNC cell samples with 1 g benzylpenicillin/ml (E. faecalis strains) or 2 g of levofloxacin/ml (E. faecium strains) in the presence of 0.05% yeast extract (12) . 
